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FORCE DETECTING DEVICE, DRIVING
UNIT, AND ROBOT

BACKGROUND

1. Technical Field

The present invention relates to a force detecting device,
a driving unit, and a robot.

2. Related Art

For example, 1n a robot including a robot arm including
at least one arm, a force detecting device that detects a force
1s provided 1n a joint section of the robot arm and detects a
torce applied to the robot arm. In general, the robot arm 1s
driven by a motor.

A motor with a torque sensor described i JP-A-2009-
58388 (Patent Literature 1) includes a motor and a torque
sensor ol a strain gauge, which 1s an example of a force
detecting device. The torque sensor 1s coupled to a housing
ol the motor.

In the motor with the torque sensor described in Patent
Literature 1, since the torque sensor i1s separate from the
motor, the dimension of each of the torque sensor and the

motor greatly affects the dimension of the entire motor with
the torque sensor. The motor with the torque sensor 1s
increased 1n size. When the motor with the torque sensor 1s
provided 1n, for example, a joint section of a robot arm, an
increase 1n the total length of the robot arm 1s caused. As a
result, an increase in the size of a robot 1s caused and a
workable operation range of the robot 1s reduced.

SUMMARY

An advantage of some aspects of the invention 1s to
provide a force detecting device that can achieve a reduction
in the size of a unit including a force detecting device and
a dniving device and provide a driving unit and a robot
including the force detecting device.

The advantage can be achieved by the following configu-
rations.

A force detecting device according to an aspect of the
invention includes: a first member configuring a part of a
driving device that performs at least one of generation and
transmission of a driving force; a second member; and a
piezoelectric element disposed between the first member and
the second member and configured to output a signal accord-
ing to an external force.

With the force detecting device, since the first member
configures a part of the dniving device, compared with when
the first member 1s configured separately from the driving
device, 1t 1s possible to achieve a reduction in the size of a
unit including the force detecting device and the driving
device.

In the force detecting device according to the aspect of the
invention, 1t 1s prelferable that the piezoelectric element
includes quartz.

With this configuration, 1t 1s possible to realize the force
detecting device having excellent characteristics such as
high sensitivity, a wide dynamic range, and high rigidity.

In the force detecting device according to the aspect of the
invention, it 1s prelferable that the force detecting device
includes a plurality of the piezoelectric elements stacked 1n
a direction 1n which the first member and the second member
are arranged.
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With this configuration, by stacking the plurality of piezo-
clectric elements, 1t 1s possible to achieve an increase 1n the
sensitivity of the force detecting device and achieve an
increase of detection axes. Compared with when the plural-
ity of piezoelectric elements are stacked in a direction
perpendicular to the direction 1n which the first member and
the second member are arranged, 1t 1s possible to achieve a
reduction 1n the size of the force detecting device. Since a
direction of a load applied to the piezoelectric elements 1s
mainly the stacking direction of the piezoelectric elements,
it 1s possible to increase the nigidity of the entire force
detecting device.

In the force detecting device according to the aspect of the
invention, it 1s preferable that the driving device includes at
least one of a motor, a reduction gear, and an encoder.

With this configuration, it 1s possible to integrate (unitize)
the force detecting device with any one of the motor, the
reduction gear, and the encoder.

In the force detecting device according to the aspect of the
invention, 1t 1s preferable that the first member configures a
part of the reduction gear.

With this configuration, it 1s possible to integrate (unitize)
the force detecting device with the reduction gear.

In the force detecting device according to the aspect of the
invention, 1t 1s preferable that the first member configures a
part of the encoder.

With this configuration, it 1s possible to integrate (unitize)
the force detecting device with the encoder.

In the force detecting device according to the aspect of the
invention, it 1s preferable that the force detecting device
includes a fixing member that fixes the first member and the
second member to each other in a state in which the
piezoelectric element 1s sandwiched and pressurized by the
first member and the second member sandwich the piezo-
clectric element.

With this configuration, 1t 1s possible to reduce fluctuation
in an output of the piezoelectric element in a state 1n which
an external force 1s not applied (a natural state). It 1s possible
to detect, with the piezoelectric element, external forces in
both directions along a pressurizing direction.

In the force detecting device according to the aspect of the
invention, 1t 1s preferable that the force detecting device
includes a plurality of the piezoelectric elements disposed
between the first member and the second member and
configured to output a signal according to an external force.

With this configuration, it 1s possible to collectively
pressurize the plurality of piezoelectric elements.

A driving unit according to an aspect of the mvention
includes: the force detecting device according to the aspect
of the invention; and a driving device configured to perform
at least one of generation and transmission of a driving
force. The first member of the force detecting device con-
figures a part of the driving device.

With the driving unit, since the first member configures a
part of the driving device, 1t 1s possible to achieve a
reduction 1n size compared with when the first member 1s
configured separately from the driving device.

A robot according to an aspect of the invention includes:
the force detecting device according to the aspect of the
invention; and a driving device configured to perform at
least one of generation and transmission of a driving force.
The first member of the force detecting device configures a
part of the driving device.

With the robot, since the first member configures a part of
the driving device, 1t 1s possible to achieve a reduction 1n the
s1ze of a unit including the force detecting device and the
driving device compared with when the first member 1s
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configured separately from the driving device. Therefore, 1t
1s possible to achieve a reduction 1n the size of the robot.
In the robot according to the aspect of the mnvention, it 1s
preferable that the robot includes: a third member configured
to support the driving device; and a fourth member capable
of turning with respect to the third member, the driving

device includes a reduction gear, the first member configures
a part of the reduction gear, and the second member con-
figures a part ol the fourth member.

With this configuration, 1t 1s possible to integrate (unitize)
the force detecting device with the reduction gear and the
tourth member. Therefore, it 1s possible to achieve a further
reduction in the size of the robot.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be described with reference to the
accompanying drawings, wherein like numbers reference
like elements.

FIG. 1 1s a sectional view showing a driving unit accord-
ing to a first embodiment of the invention.

FIG. 2 1s a plan view of a force detecting device included
in the driving unit shown 1n FIG. 1.

FIG. 3 1s an A-A line sectional view 1n FIG. 2.

FIG. 4 1s a sectional view of a charge output element
included in the force detecting device shown 1n FIG. 3.

FIG. 5 1s a diagram for explaining action of the force
detecting device shown 1n FIGS. 3 and 4.

FIG. 6 1s a sectional view showing a force detecting
device according to a second embodiment of the mnvention.

FIG. 7 1s a B-B sectional view 1n FIG. 6.

FIG. 8 1s a sectional view showing a driving unit accord-
ing to a third embodiment of the invention.

FIG. 9 1s a perspective view showing an example of a
robot according to an embodiment of the invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Preferred embodiments of the invention are explained in
detail below with reference to the accompanying drawings.

First Embodiment

Driving Unait

FIG. 1 1s a sectional view showing a driving unit accord-
ing to a first embodiment of the invention. Note that, 1n FIG.
1, for convenience of explanation, an x axis, a y axis, and a
7 axis are shown as three axes orthogonal to one another.
Distal end sides of arrows indicating the axes are repre-
sented as “+” and proximal end sides of the arrows are
represented as “-". A direction parallel to the x axis 1s
referred to as “x-axis direction”, a direction parallel to the y
axis 1s referred to as “v-axis direction™, and a direction
parallel to the z axis 1s referred to as “z-axis direction”. A
+/-axis direction side 1s referred to as “upper” as well and
a —z-axis direction side 1s referred to as “lower” as well.

A driving unit 10 shown 1n FIG. 1 includes a driving
device 20 that generates and transmits a driving force and a
force detecting device 1 that detects a force. The driving
device 20 and the force detecting device 1 are unitized. The
driving device 20 includes a motor 30, an encoder 40 that
detects a rotating state of the motor 30, a flange 50 fixed to
the motor 30, and a reduction gear 60 that reduces and
outputs a driving force of the motor 30. First, the configu-
rations of the sections of the driving unit 10 are briefly
explained below 1n order.

10

15

20

25

30

35

40

45

50

55

60

65

4

The motor 30 1s any one of various motors such as a
two-phase AC brushless motor, a three-phase AC brushless
motor, and a three-phase synchronous motor. The motor 30
includes a rotating shaft 301 that 1s disposed along an axis
line z1 parallel to the z axis and rotates around the axis line
71, a rotor 302 fixed to the rotating shait 301, a stator 303
disposed around the rotor 302, and a cylindrical housing 304
that houses the rotating shaft 301, the rotor 302, and the
stator 303 and supports the stator 303. Note that the sections
of the motor 30 can be configured the same as sections of a
publicly-known motor.

The encoder 40 1s, for example, an optical or magnetic
multi-rotation detection type encoder. The encoder 40
includes a base section 401 attached to one end portion (in
FIG. 1, a lower end portion) of the housing 304 of the motor
30 and a rotating body 404 attached to one end portion (in
FIG. 1, a lower end portion) of the rotating shatt 301 of the
motor 30.

The base section 401 1s formed 1n a tabular shape and
includes a through-hole 402 through which the rotating shaft
301 pierces. A bearing 403 1s provided in the through-hole
402. The rotating shaft 301 1s supported to be capable of
rotating around the axis line z1 with respect to the base
section 401 via the bearing 403. The base section 401 and
the bearing 403 are considered to configure a part of the
housing 304 of the motor 30. A detecting section (not shown
in the figure) that detects a rotating state of the rotating body
404 15 attached to the base section 401. When the encoder 40
1s a magnetic encoder, for example, the rotating body 404 1s
a structure including a plurality of magnets. On the other
hand, such a detecting section includes a magnetic sensor
that detects a magnetism change involved 1n the rotation of
the rotating body 404. When the encoder 40 1s an optical
encoder, for example, the rotating body 404 1s a slit plate, a
polarizing plate, or the like. On the other hand, such a
detecting section includes a light emitting element that
irradiates light on the rotating body 404 and a light receiving
clement that receives reflected light and transmitted light
from the rotating body 404.

Note that the sections of the encoder 40 can be configured
the same as sections of a publicly-known encoder. The
encoder 40 1s not limited to the multi-rotation detection type
and may be publicly-known various encoders other than the
multi-rotation detection type. In the figure, the base section
401 1s configured separately from the housing 304 and fixed
to the housing 304 using not-shown bolts and the like.
However, the base section 401 may be formed integrally
with the housing 304.

The flange 50 1s fixed to the base section 401 using
not-shown bolts and the like. The flange 50 1s formed 1n a
tabular shape and fixed to an object using, for example,
not-shown bolts. Consequently, the driving unit 10 can be
attached to the object. A through-hole 501, which pieces
through the flange 50 1n the thickness direction thereof, 1s
formed 1n the tflange 50. The encoder 40 1s set (housed) 1n the
through-hole 501.

The reduction gear 60 1s a wave gear device. The reduc-
tion gear 60 includes a base section 601 attached to the other
end portion (1n FIG. 1, an upper end portion) of the housing
304 of the motor 30, a cylindrical housing 604 capable of
rotating around the axis line z1 with respect to the base
section 601, a rigid gear 606 and an output section 609 fixed
to the housing 604, a cup-type flexible gear 607 disposed on
the inner side of the rigid gear 606, and a wave generator 608
disposed on the mner side of the flexible gear 607.

The base section 601 i1s formed 1n a tabular shape and
includes a through-hole 602 through which the rotating shatt
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301 pieces. A bearing 603 1s provided in the through-hole
602. The rotating shait 301 1s rotatably supported around the
axis line z1 with respect to the base section 601 via the
bearing 603. The base section 601 and the bearing 603 are
considered to configure apart of the housing 304 of the
motor 30. Across roller bearing 603 1s disposed between the
base section 601 and the housing 604. Consequently, the
housing 604 1s turnably supported around the axis line z1
with respect to the base section 601. The output section 609
1s a portion that reduces and outputs rotation of the rotating
shaft 301 and has a function of a cover member (a member
configuring a part of a casing of the reduction gear 60) that
covers, from an upward direction in FIG. 1, the rigid gear
606, the flexible gear 607, the wave generator 608, and the
like present 1n the 1nside of the reduction gear 60. Note that,
in the figure, the base section 601 1s configured separately
from the housing 304. The base section 601 1s fixed to the
housing 304 using not-shown bolts and the like. However,
the base section 601 may be formed integrally with the
housing 304.

The rigid gear 606 1s a nng-like internal gear configured
by a rigid body that does not substantially bend in the radial
direction. The tlexible gear 607 1s an external gear that has
flexibility for enabling deflective deformation in the radial
direction and meshes with the rigid gear 606. The number of
teeth of the flexible gear 607 1s smaller than the number of
teeth of the rigid gear 606. The bottom section of the
cup-like flexible gear 607 1s fixed to the base section 601
using not-shown bolts and the like. The wave generator 608
1s attached to the other end portion (in FIG. 1, an upper end
portion) of the rotating shaft 301 of the motor 30. The wave
generator 608 deforms the flexible gear 607 1n one direction
perpendicular to the rotating shaft 301 and partially meshes
the flexible gear 607 with the rigid gear 606 and moves a
position of the meshing 1n the circumierential direction
according to the rotation of the rotating shaft 301. The ngid
gear 606 rotates around the axis line z1 because of the
difference in the number of teeth between the rigid gear 606
and the flexible gear 607. At this point, the housing 604 and
the output section 609 rotate with respect to the flexible gear
607 together with the rigid gear 606. Consequently, 1t 1s
possible to reduce a driving force from the rotating shaft 301
and output the driving force from the output section 609.
When the output section 609 rotates, a first member 2
integral (shared) with the output section 609 and sensor
devices 4 and a second member 3 connected to the output
section 609 rotate in the same direction.

Note that, in the figure, the rigid gear 606 1s configured
separately from the housing 604 and the output section 609
and fixed to the housing 604 and the output section 609
using not-shown bolts and the like. However, the rigid gear
606 may be formed integrally with at least one of the
housing 604 and the output section 609. The sections of the
reduction gear 60 are not limited to the sections shown 1n the
figure and can be configured the same as sections of pub-
licly-known various reduction gears.

The force detecting device 1 has a function of detecting an
external force acting on the force detecting device 1. The
force detecting device 1 includes the first member 2, the
second member 3, and the sensor devices 4 disposed
between the first member 2 and the second member 3. As
explained below, the sensor devices 4 include piezoelectric
clements 5. The first member 2 also functions as the output
section 609 of the reduction gear 60. That 1s, the first
member 2 1s integrated (shared) with the output section 609,
which 1s a part of the driving device 20. Consequently, it 1s
possible to reduce the number of components of the driving,
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umt 10 and achieve simplification of the structure and a
reduction 1n the size of the driving umit 10. The second
member 3 can also function as at least a part of an arm of a
robot 1000 explained below. Consequently, it 1s possible to
reduce the number of components of the robot 1000 and
achieve simplification of the structure and a reduction 1n the
size ol the robot 1000. The force detecting device 1 1s
explained 1n detail below.

Force Detecting Device

FIG. 2 1s a plan view of the force detecting device
included 1n the driving unit shown 1 FIG. 1. FIG. 3 1s an
A-A line sectional view 1n FIG. 2. FIG. 4 1s a sectional view
ol a charge output element included in the force detecting
device shown 1n FIG. 3. FIG. 5 1s a diagram for explaining
action of the force detecting device shown 1n FIGS. 3 and 4.
Note that, 1n FIG. 2, for convenience of explanation, an X
ax1s, a y axis, and a z axis are shown as three axes orthogonal
to one another to correspond to the axes in FIG. 1. Distal end
sides of arrows indicating the axes are represented as “+”
and proximal end sides of the arrows are represented as “="
A direction parallel to the x axis 1s referred to as “x-axis
direction”, a direction parallel to the y axis 1s referred to as
“y-ax1s direction”, and a direction parallel to the z axis 1s
referred to as “z-axis direction”. A +Z-axis direction side 1s
referred to as “upper” as well and a —z-axis direction side 1s
referred to as “lower” as well. In FIG. §, an analog circuit
board 7 and a digital circuit board 8 are not shown.

The force detecting device 1 shown 1n FIG. 2 1s a s1x-axis
force sensor capable of detecting six-axis components of an
external force applied to the force detecting device 1. The
six-axis components include translation force (shearing
force) components 1n the respective directions of the three
axes (in the figure, the x axis, the y axis, and the z axis)
orthogonal to one another and torque (moment) components
around the respective three axes.

The force detecting device 1 includes, as shown in FIG.
3, the first member 2, the second member 3 disposed spaced
apart from the first member 2, a plurality of (in this embodi-
ment, four) sensor devices 4 disposed between the first
member 2 and the second member 3, the analog circuit board
7 and the digital circuit board 8, and a plurality of (in this
embodiment, four) pressurizing bolts 6 that fix the first
member 2 and the second member 3 to each other. The
plurality of sensor devices 4 are arranged at equal 1ntervals
one another along the same circumierence centering on the
axis line z1.

In the force detecting device 1, the sensor devices 4 output
signals corresponding to a received external force and the
analog circuit board 7 and the digital circuit board 8 process
the signals. Consequently, the force detecting device 1
detects six-axis components of the external force applied to
the force detecting device 1.

First Member

As shown 1n FIG. 3, the first member 2 has a substantially
tabular overall shape. In the figure, an external shape 1n plan
view of the first member 2 1s a circular shape. However, the
external shape 1s not limited to this and may be, for example,
a polygonal shape such as a square shape or a pentagonal
shape or an elliptical shape. A plurality of convex sections
21 are provided 1n positions apart from the axis line z1 on
one surface (an upper side in FIG. 3) of the first member 2,
more specifically, a surface on the second member 3 side of
the first member 2. As shown in FIG. 2, the plurality of
convex sections 21 are arranged at equal intervals one
another along the same circumierence centering on the axis
line z1. As shown 1n FIG. 3, top faces 211 (end faces) of the
convex sections 21 are planes. In the figure, the shape of the
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top surfaces 211 1s a square shape. However, the shape 1s not
limited to this and may be, for example, a polygonal shape
such as a square shape or a pentagonal shape or an elliptical
shape. In the first member 2, a plurality of female screws 22
screwed with the pressurizing bolts 6 are provided 1n posi-
tions apart from the axis line z1. The plurality of female
screws 22 are arranged at equal intervals one another along
the same circumierence centering on the axis line z1.

In the figure, a concave section 26 1s formed on the other
surface (on the lower side 1n FIG. 3) of the first member 2.
In the concave section 26, the rigid gear 606 of the reduction
gear 60 1s disposed (see FIG. 1). Consequently, it 1s possible
to fix the first member 2 to the rigid gear 606 or the housing,
604 while preventing the flexible gear 607 and the wave
generator 608 of the reduction gear 60 from coming into
contact with the first member 2.

A constituent material of the first member 2 1s not
particularly limited. Examples of the constituent material
include metal materials such as stainless steel and ceramics.
Note that, 1n the figure, the convex section 21 1s formed
integrally with a tabular portion of the first member 2.
However, the convex section 21 may be formed as a member
separate from the tabular portion. In this case, constituent
materials of the convex section 21 and the tabular portion
may be the same or may be different from each other.
Second Member

As shown 1n FIG. 3, the second member 3 has a substan-
tially tabular overall shape. In the figure, an external shape
in plan view of the second member 3 1s a circular shape.
However, the external shape i1s not limited to the circular
shape and may be, for example, a polygonal shape such as
a square shape or a pentagonal shape or an elliptical shape.
In the second member 3, a plurality of through-holes 32,
through which the pressurizing bolts 6 are inserted, are
provided 1n positions apart from the axis line z1 to corre-
spond to the plurality of female screws 22 of the first
member 2. In upper parts of the through-holes 32, step
sections (increased diameter sections) engaging with heads
61 of the pressurizing bolts 6 are formed.

A constituent material of the second member 3 1s not
particularly limited. Examples of the constituent material
include metal materials such as stainless steel and ceramics.
Note that the constituent material of the second member 3
may be the same as or may be different from the constituent
material of the first member 2.

Sensor Device

Each of the sensor devices 4 includes, as shown 1n FIG.
3, a force detecting element 41 and a package 42 that houses
the force detecting element 41.

The package 42 includes a base section 421 including a
concave section 423 1n which the force detecting element 41
1s set and a lid body 422 jointed to the base section 421. The
concave section 423 1s sealed by the lid body 422. Conse-
quently, 1t 1s possible to protect the force detecting element
41. The base section 421 1s set on the top surface 211 of the
convex section 21 of the first member 2. A plurality of
terminals 43 electrically connected to the analog circuit
board 7 are provided on the lower surface of the base section
421. The plurality of terminals 43 are electrically connected
to the force detecting element 41 via a through electrode (not
shown 1n the figure) that pierces through the base section
421. The lid body 422 1s formed 1n a tabular shape. A surface
on the base section 421 side of the lid body 422 1s 1n contact
with the force detecting element 41. On the other hand, a
surface on the opposite side of the base section 421 1s 1n
contact with the second member 3.
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A constituent material of the base section 421 of the
package 42 1s not particularly limited. For example, an
insulative material such as ceramics can be used. A con-
stituent material of the lid body 422 1s not particularly
limited. For example, various metal materials such as stain-
less steel can be used. Note that the constituent material of
the base section 421 and the constituent material of the Iid
body 422 may be the same or may be diflerent from each
other. In the figure, a shape 1n plan view of the package 42
1s a square shape. However, the shape 1s not limited to this
and may be, for example, another polygonal shape such as
a pentagonal shape, a circular shape, or an elliptical shape.
Note that, in the figure, a plan view shape of the force
detecting element 41 1s a square shape. However, the plan
view shape 1s not limited to the square shape and may be, for
example, another polygonal shape such as a pentagonal
shape, a circular shape, or an elliptical shape.

The force detecting element 41 has a function of output-
ting an electric charge (Qx corresponding to a component in
the x-axis direction of an external force applied to the force
detecting element 41, an electric charge Qy corresponding to
a component 1n the y-axis direction of the external force
applied to the force detecting element 41, and an electric
charge Qz corresponding to a component in the z-axis
direction of the external force applied to the force detecting
clement 41. The force detecting element 41 includes, as
shown 1n FIG. 4, a piezoelectric element Sa that outputs the
clectric charge Qx according to an external force (a shearing
force) parallel to the x axis, a piezoelectric element 56 that
outputs the electric charge Qz according to an external force
(a compression/tensile force) parallel to the z axis, a piezo-
clectric element 5¢ that outputs the electric charge Qy
according to an external force (a shearing force) parallel to
the v axis, and ground electrode layers 54, 55, 56, and 57
clectrically connected to a reference potential (e.g., aground
potential). The ground electrode layer 54, the piezoelectric
clement 5a, the ground electrode layer 55, the piezoelectric
clement 55, the ground electrode layer 56, the piezoelectric
clement 5¢, and the ground electrode layer 37 are stacked 1n
this order.

Note that, 1n the following explanation, the piezoelectric
clements 3a, 56, and Sc¢ are collectively referred to as
“pirezoelectric element 57 as well. At least a part of the
ground electrode layer 54 1s considered to configure a part
of the piezoelectric element Sa. Similarly, at least a part of
the ground electrode layer 55 1s considered to configure a
part of the piezoelectric element 5a and i1s considered to
configure a part of the piezoelectric element 5b5. At least a
part of the ground eclectrode layer 56 1s considered to
configure a part of the piezoelectric element 36 and 1is
considered to configure a part of the piezoelectric element
5¢. The ground electrode layer 57 1s considered to configure
a part of the piezoelectric element Sc.

The piezoelectric element Sa 1s configured by stacking a
piezoelectric layer 51a, an output electrode layer 52qa, and a
piezoelectric layer 53q 1n this order. That 1s, the piezoelectric
clement 54 includes the piezoelectric layers S1a and 53a and
the output electrode layer 52a disposed between the piezo-
clectric layers 51a and 53a. Similarly, the piezoelectric
clement 56 includes piezoelectric layers 515 and 5356 and an
output electrode layer 5256 disposed between the piezoelec-
tric layers 51b and 53b. The piezoelectric element 5c¢
includes piezoelectric layers 31c¢ and 33¢ and an output

clectrode layer 52¢ disposed between the piezoelectric lay-
ers 51c and 53c.
The piezoelectric layers 51a, 53a, 51b, 33b, S1c, and 53¢

are respectively configured by quartz. However, as shown 1n
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FIG. 4, directions of X axes, which are crystal axes of the
quartz configuring the piezoelectric layers Sla, 33a, 515,
5356, 51c¢, and 53¢ are different. That 1s, the X axis of the
quartz configuring the piezoelectric layer S1a faces the front
side on the paper surface 1 FI1G. 4. The X axis of the quartz
configuring the piezoelectric layer 53a faces the mnner side
on the paper surface 1n FIG. 4. The X axis of the quartz
configuring the piezoelectric layer 515 faces the upper side
in FIG. 4. The X axis of the quartz configuring the piezo-
clectric layer 5356 faces the lower side 1n FIG. 4. The X axis
of the quartz configuring the piezoelectric layer 51¢ faces
the right side 1n FIG. 4. The X axis of the quartz configuring,
the piezoelectric layer 53¢ faces the left side 1n FI1G. 4. The
piezoelectric layers 51a, 53a, 51c¢, and 53¢ are respectively
configured by Y-cut quartz plates. The directions of the X
axes of the piezoelectric layers Sla, 53a, 51c¢, and 53¢ are
different from one another by 90°. The piezoelectric layers
515 and 535b are respectively configured by X-cut quartz
plates. The directions of the X axes of the piezoelectric
layers 51b and 535 are different from each other by 180°.

Materials forming the output electrode layers 32a, 525,
and 52¢ and the ground electrode layers 54, 55, 56, and 57
are respectively not particularly limited as long as the
materials can function as electrodes. Examples of the mate-
rials include nickel, gold, titantum, aluminum, copper, 1ron,
chrome, or an alloy including these kinds of metal. One or
two or more kinds of these materials can be combined (e.g.,
stacked) and used.

The force detecting element 41 1s explained above. How-
ever, the numbers of piezoelectric elements and piezoelec-
tric layers configuring the force detecting element 41 are not
limited to the numbers described above. For example, the
number of piezoelectric layers included 1n the piezoelectric
clements 5 may be one or three or more. The number of
piezoelectric elements 5 included in the force detecting
clement 41 may be two or four or more.

Pressurizing Bolts (Fixing Members)

As shown 1 FIG. 3, the plurality of pressurizing bolts 6
fix the first member 2 and the second member 3 to each other
in a state in which the sensor device 4 (more specifically, the
piezoelectric element 5) 1s sandwiched and pressurized by
the first member 2 and the second member 3. Since the
pressurization 1s applied, 1t 1s possible to accurately detect an
external force applied to the force detecting device 1.
Further, not only when an external force 1 a direction 1n
which the first member 2 and the second member 3 approach
cach other 1s applied to the force detecting element 41 but
also when an external force in a direction in which the first
member 2 and the second member 3 separate from each
other are applied to the force detecting element, it 1s possible
to detect the external force.

The heads 61 are provided at one end portions of the
pressurizing bolts 6, male screws 62 are provided at the
other end portions, and the pressurizing bolts 6 are inserted
through the through holes 32 of the second member 3 from
the opposite side of the first member 2. The heads 61 are
engaged 1n the step sections of the through holes 32. The
male screws 62 are screwed in the female screws 22 of the
first member 2. With the plurality of pressurizing bolts 6, 1t
1s possible to sandwich and pressurize the force detecting
clement 41 via the package 42 of the sensor device 4 with
the top surfaces 211 of the convex sections 21 of the first
member 2 and a lower surface 31 of the second member 3.
By adjusting a fastening force of the pressurizing bolts 6 as
appropriate, 1t 1s possible to apply a pressure in the z-axis
direction having predetermined magnitude to the force
detecting element 41. When there are a plurality of sensor
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device 4, by adjusting fastening forces of the pressurizing
bolts 6 as appropriate, it 1s possible to collectively apply
pressure 1n the z-axis direction having predetermined mag-
nitude to all the sensor devices 4 (the plurality of piezoelec-
tric element 5) as pressurization. A constituent material of
the pressurizing bolts 6 1s not particularly limited. Examples
ol the constituent material include various metal materials.

Note that the positions and the number of the pressurizing
bolts 6 are respectively not limited to the positions and the
number shown 1n the figure. For example, distances between
at least two of the plurality of pressurizing bolts 6 and the
axis line z1 may be different from each other. The number
of the pressurizing bolts 6 may be, for example, three or less
or five or more.

Analog Circuit Board

The analog circuit board 7 1s disposed between the first
member 2 and the second member 3. Consequently, it 1s
possible to reduce a wiring length from the sensor device 4.
There 1s an advantage that this contributes to simplification
of structure. In the analog circuit board 7, through-holes 71,
through which the convex sections 21 of the first member 2
are inserted, and through-holes 72, through which the pres-
surizing bolts 6 are inserted, are formed. The analog circuit
board 7 are fit with the convex sections 21 or fixed to the
convex sections 21 by an adhesive or the like and supported.

The analog circuit board 7 1s electrically connected to the
plurality of terminals 43 included in the sensor device 4.
Although not shown 1n the figure, the analog circuit board 7
includes a conversion output circuit that converts the electric
charges (Qx, Qy, and Qz output from the force detecting
clement 41 of the sensor device 4 respectively into voltages
Vx, Vy, and Vz. The conversion output circuit can be
configured to include, for example, an operational amplifier,
a capacitor, and a switching element.

Digital Circuit Board

The digital circuit board 8 1s disposed between the first
member 2 and the second member 3 (more specifically,
between the first member 2 and the analog circuit board 7).
Consequently, 1t 1s possible to reduce a wiring length from
the sensor device 4. There 1s an advantage that this contrib-
utes to simplification of structure. As 1n the analog circuit
board 7, 1n the digital circuit board 8, through-holes 81,
through which the convex sections 21 of the first member 2
are 1nserted, and through-holes 82, through which the pres-
surizing bolts 6 are inserted, are formed. The digital circuit
board 8 1s fit with the convex sections 21 or fixed to the
convex sections 21 by an adhesive or the like and supported.

The digital circuit board 8 1s electrically connected to the
analog circuit board 7. Although not shown 1n the figure, the
digital circuit board 8 includes an external force detection
circuit that detects (calculates) an external force on the basis
of the voltages VX, Vy, and Vz output from the analog circuit
board 7. The external force detection circuit can be config-
ured to include, for example, an AD converter and an
arithmetic circuit such as a CPU connected to the AD
converter.

The digital circuit board 8 calculates, on the basis of
voltages Vxa, Vya, Vza, Vxb, Vyb, Vzb, Vxc, Vyc, Vzc,
Vxd, Vyd, and Vzd output from the analog circuit board 7,
a translation force component Fx 1n the x-axis direction, a
translation force component Fy in the y-axis direction, a
translation force component Fz in the z-axis direction, a
torque component Mx around the x axis, a torque component
My around the y axis, and a torque component Mz around
the z axis shown 1 FIG. 5. The force components can be
calculated by the following expressions.




US 10,773,390 B2

11

Fx=Vxa+Vxb+Vxc+Vxd
Fv=Wa+ Wb+ VWe+Wd
Fz=Vza+Vzb+Vze+ Vzd
Mx=R1x(Vzd-Vzb)
Myv=R2x(Vzc-Vza)

Mz=R1x(Vxb-Vxd)+R2x(Vva-Vvc)

In the expressions, R1 and R2 are respectively constants.
The “voltages Vxa, Vya, and Vza”, the “voltages Vxb, Vyb,
and Vzb”, the “voltages Vxc, Vyc, and Vzc”, and the
“voltages Vxd, Vyd, and Vzd™ are respectively voltages VX,
Vy, and Vz concerning sensor devices 4a, 4b, 4c, and 4d
(four sensor devices 4) shown 1n FIG. 5. Note that, 1n FIG.
5, translation force components Fxa, Fxb, Fxc, and Fxd 1n
the x-axis direction, translation force components Fya, Fyb,
Fyc, and Fyd 1n the y-axis direction, and Fza, Fzb, Fzc, and
Fzd in the Z-axis direction applied to the sensor devices 4a,
4b, 4¢, and 4d are shown.

In this way, the force detecting device 1 can detect the
translation force components Fx, Fy, and Fz and the torque
components Mx, My, and Mz. Note that the digital circuit
board 8 may perform, for example, correction for eliminat-
ing a difference in sensitivity among conversion output
circuits 1n addition to the calculation explained above.

As explained above, the force detecting device 1 includes
the first member 2 configuring a part of the driving device
20 that performs at least one of generation and transmission
of a driving force, the second member 3, and the piezoelec-
tric element 5 that 1s disposed between the first member 2
and the second member 3 and outputs a signal according to
an external force. With the force detecting device 1, since the
first member 2 configures a part of the driving device 20,
compared with when the first member 2 1s configured
separately from a driving device, 1t 1s possible to achieve a
reduction 1n the size of the driving unit 10 including the
force detecting device 1 and the drniving device 20. More
specifically, 1t 1s possible to reduce the number of compo-
nents and achieve simplification of structure.

The piezoelectric element 5 includes the quartz. Conse-
quently, 1t 1s possible to realize the force detecting device 1
having excellent characteristics such as high sensitivity, a
wide dynamic range, and high rigidity.

In this embodiment, the force detecting device 1 includes
the plurality of piezoelectric elements 5 stacked in the
direction in which the first member 2 and the second
member 3 are arranged. Consequently, by stacking the
plurality of piezoelectric elements 3, 1t 1s possible to achieve
an increase 1n the sensitivity of the force detecting device 1
and an 1ncrease of detection axes. Since the sensor device 4
1s formed 1n the flat shape 1n the stacking direction of the
plurality of piezoelectric elements 5 as explained above,
compared with when the plurality of piezoelectric elements
5 1n a direction perpendicular to the direction 1n which the
first member 2 and the second member 3 are arranged, it 1s
possible to achieve a further reduction 1n the size of the force
detecting device 1. Since a direction of a load applied to the
piezoelectric elements 5 1s mainly the stacking direction of
the piezoelectric elements 3, it 1s possible to increase the
rigidity of the entire force detecting device 1.

As explained above, the driving device 20 includes the
motor 30, the reduction gear 60, and the encoder 40. The first
member 2 configures a part of the reduction gear 60.
Consequently, 1t 1s possible to integrate (unitize) the force
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detecting device 1 with the reduction gear 60. Note that, 1f
the driving device 20 includes at least one of the motor 30,

the reduction gear 60, and the encoder 40, 1t 1s possible to
integrate (unitize) the force detecting device 1 with any one
of the motor 30, the reduction gear 60, and the encoder 40.

Further, the force detecting device 1 includes the pres-
surizing bolts 6, which are “fixing members” that fix the first
member 2 and the second member 3 to each other 1n a state
in which the piezoelectric elements 5 are sandwiched and
pressurized by the first member 2 and the second member 3.
Consequently, 1t 1s possible to reduce tluctuation 1n an output
of the piezoelectric element 3 1n a state in which an external
force 1s not applied (a natural state). It 1s possible to detect,
with the piezoelectric elements 5, external forces in both
directions along a pressurizing direction.

As explained above, the driving unit 10 includes the force
detecting device 1 and the driving device 20 that performs
at least one of generation and transmission of a driving
force. The first member 2 of the force detecting device 1
configures a part of the driving device 20. With the driving
unmit 10, since the first member 2 configures a part of the
driving device 20, 1t 1s possible to achieve a reduction 1n size
compared with when the first member 2 1s configured
separately from a driving device. More specifically, 1t 1s
possible to reduce the number of components and achieve
simplification of structure.

Second Embodiment

FIG. 6 1s a sectional view showing a force detecting
device according to a second embodiment of the invention.
FIG. 7 1s a B-B line sectional view 1n FIG. 6.

In the following explanation, concerning the second
embodiment, differences from the first embodiment are
mainly explained. Explanation of similarities 1s omitted.
Note that, in FIGS. 6 and 7, the same components as the
components 1n the first embodiment are denoted by the same
reference numerals and signs.

A force detecting device 1A shown in FIGS. 6 and 7
includes a first member 2A, a second member 3A disposed
spaced apart from the first member 2A, a plurality of (in this
embodiment, four) sensor devices 4 disposed between the
first member 2A and the second member 3A, analog circuit
boards 7A and a digital circuit board 8A, and a plurality of
(1n this embodiment, four) pressurizing bolts 6 A that fix the
first member 2A and the second member 3A to each other.

The first member 2A 1s the same as the first member 2 1n
the first embodiment except that the female screws 22 1n the
first embodiment are omitted and the first member 2A
includes a plurality of wall sections 23 instead of the
plurality of convex sections 21. The wall sections 23 are
erected toward the second member 3 A side. Convex sections
24 projecting to the opposite side of the axis line z1 are
formed 1n the wall sections 23. Top surfaces 241 of the
convex sections 24 are planes having normals orthogonal to
the axis line 7z1. In the wall sections 23, female screws 231
in which male screws 62A of the pressurizing bolts 6A are
screwed are formed.

The second member 3 A 1s the same as the second member
3 in the first embodiment except that the through-holes 32 1n
the first embodiment are omitted and a plurality of wall
sections 33 are added. The wall sections 33 are erected
toward the first member 2A side. The wall sections 33 are
disposed on the opposite side of the axis line z1 with respect
to the wall sections 23 of the first member 2A. Surfaces 331
on the wall section 23 side of the wall section 33 are parallel
to the top surfaces 241 of the convex sections 24. The
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pressurizing bolts 6A are inserted through and heads 61A of
the pressurizing bolts 6 A are engaged 1n the wall sections 33.

The sensor devices 4 are disposed between the top sur-
taces 241 of the first member 2A and the surfaces 331 of the
second member 3A. The sensor devices 4 are sandwiches
and pressurized between the top surfaces 241 and the
surfaces 331 by the plurality of pressurizing bolts 6 A. The
sensor devices 4 are disposed such that a stacking direction
of the force detecting elements 41 1s orthogonal to the axis
line z1. Consequently, the force detecting elements 41
receive pressurization in the stacking direction. The four
sensor devices 4 are disposed to be symmetrical with respect
to a line segment CL passing the axis line z1 and parallel to
the y axis when viewed from a direction along the z1 axis.
The four sensor devices 4 are disposed at equal angle
intervals around the axis line z1.

The analog circuit boards 7A are disposed between the

wall sections 23 and the wall sections 33. Through-holes
71A, through which the convex sections 24 of the first
member 2A are inserted, are formed in the analog circuit
boards 7A. The analog circuit boards 7A are electrically
connected to the sensor devices 4. The analog circuit boards
7A have the same function as the function of the analog
circuit board 7 in the first embodiment.

The digital circuit board 8A 1s disposed across the top
surfaces of the plurality of wall sections 23. The digital
circuit board 8 A calculates the translation force components
Fx, Fy, and Fz and the torque components Mx, My, and Mz
on the basis of voltages output from the analog circuit boards
7A. In this embodiment, since a posture of the sensor
devices 4 1s different from the posture 1n the first embodi-
ment, the digital circuit board 8A performs calculation
taking ito account the diflerence in the posture. In that case,
it 1s possible to calculate the translation force components
Fx, Fy, and Fz and the torque components Mx, My, and Mz
without using the electric charge Qz that 1s easily aflected by
temperature fluctuation. Therefore, the force detecting
device 1A 1s less easily aflected by fluctuation in tempera-
ture. There 1s an advantage that highly accurate detection 1s
possible.

According to the second embodiment explained above, as
in the first embodiment, it 1s possible achieve a reduction 1n
the size of a unit including the force detecting device 1A and
a driving device.

Third Embodiment

FIG. 8 1s a sectional view showing a driving unit accord-
ing to a third embodiment of the invention.

In the following explanation, concerning the third
embodiment, differences from the embodiments explained
above are mainly explained. Explanation of similarities 1s
omitted. Note that, in FIG. 8, the same components as the
components 1 the embodiments explained above are
denoted by the same reference numerals and signs.

A driving unit 10B shown 1n FIG. 8 1s the same as the
driving unit 10 in the first embodiment except that the
plurality of sensor devices 4 are provided between the base
section 401 of the encoder 40 and the flange 50 rather than
between the first member 2 and the second member 3 1n the
first embodiment.

The driving umit 10B 1includes a driving device 20B that
generates and transmits a driving force and a force detecting
device 1B that detects a force. The driving device 20B and
the detecting device 1B are unitized. The driving device 20B
includes the motor 30, the encoder 40 that detects a rotating
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state of the motor 30, and the reduction gear 60 that reduces
and outputs a driving force of the motor 30.

The force detecting device 1B includes a first member 2B,
a second member 3B, and the sensor devices 4 disposed
between the first member 2B and the second member 3B.
The sensor devices 4 include the piezoelectric elements 5.
The first member 2B also functions (is shared) as the base
section 401 of the encoder 40. That 1s, the first member 2B
1s 1ntegrated with the base section 401. Consequently, it 1s
possible to achieve simplification of the structure and a
reduction 1n the size of the driving unit 10B. The second
member 3B also functions as the tlange 50. Consequently, 1t
1s also possible to achieve simplification of the structure and
a reduction 1n the size of the driving unit 10B. Note that, 1n
this embodiment, the reduction gear 60 and the second
member 3 are directly fixed by not-shown bolts and the like.
However, the reduction gear 60 and the second member 3
may be integrated. An analog circuit board and a digital
circuit board are not shown in FIG. 8. However, the analog
circuit board and the digital circuit board are desirably
provided near the first member 2B or the second member
3B. Consequently, there 1s an advantage that 1t 1s possible to
reduce a wiring length from the sensor devices 4.

In this way, in the force detecting device 1B, the first
member 2B configures a part (the base section 401) of the
encoder 40. Consequently, 1t 1s possible to integrate (unitize)
the force detecting device 1B with the encoder 40.

According to the third embodiment explained above, as 1n
the embodiments explained above, it 1s possible to achieve
simplification of the structure and a reduction 1n the size of
the driving unit 10B including the force detecting device 1B
and the driving device 20B.

Robot

A robot according to an embodiment of the invention 1s
explained with reference to a single-arm robot as an
example.

FIG. 9 15 a perspective view showing an example of the
robot according to this embodiment.

A robot 1000 shown 1n FIG. 9 can perform work such as
supply, removal, conveyance, and assembly of a precision
istrument and components (objects) configuring the preci-
sion 1nstrument. The robot 1000 1s a six-axis robot and
includes a base 1010 fixed to a floor or a ceiling, an arm
1020 turnably coupled to the base 1010, an arm 1030
turnably coupled to the arm 1020, an arm 1040 turnably
coupled to the arm 1030, an arm 1050 turnably coupled to
the arm 1040, an arm 1060 turnably coupled to the arm
1050, an arm 1070 turnably coupled to the arm 1060, and a
control section 1080 that controls driving of the arms 1020,
1030, 1040, 1050, 1060, and 1070. A hand connecting
section 1s provided 1n the arm 1070. An end eflector 1090
corresponding to work executed by the robot 1000 is
attached to the hand connecting section.

The driving units 10 (the force detecting devices 1) are
mounted on all or apart of a plurality of joint sections of the
robot 1000. The arms 1020, 1030, 1040, 1050, 1060, and
1070 turn according to driving of the driving units 10. The
driving of the driving units 10 1s controlled by the control
section 1080. Note that, in the figure, the driving umt 10 1s
provided 1n the joint section between the arm 1040 and the
arm 1030. The second member 3 configures a part of the arm
1050.

The second member 3 of the force detecting device 1
configures apart of any one arm of the arms 1020, 1030,
1040, 1050, 1060, and 1070. Consequently, 1t 1s possible to
reduce the length of the arm. A detection result of the force
detecting device 1 1s input to the control section 1080. The
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control section 1080 controls the driving of the driving unit
10 (more specifically, the motor 30) on the basis of the
detection result of the force detecting device 1. Conse-
quently, 1t 1s possible to easily perform an obstacle avoiding
operation, an object damage avoiding operation, and the
like, which are dithicult by position control. It 1s possible to
improve salety of the robot 1000.

The robot 1000 explained above includes the force detect-
ing device 1 and the driving device 20 that performs at least
one of generation and transmission of a driving force. The
first member 2 of the force detecting device 1 configures a
part of the driving device 20. With the robot 1000, as
explained above, since the first member 2 configures a part
of the driving device 20, compared with when the first
member 2 1s configured separately from a driving device, 1t
1s possible to achieve simplification and a reduction 1n the
s1ze of a unit including the force detecting device 1 and the
driving device 20. Therefore, it 1s possible to achieve

simplification and a reduction 1n the size of the robot 1000.

The robot 1000 includes the arm 1040, which 1s a “third
member” that supports the driving device 20, and the arm
1050, which 1s a “fourth member” capable of turming with
respect to the arm 1040. As explained above, the driving
device 20 includes the reduction gear 60. The first member
2 configures a part of the reduction gear 60. The second
member 3 configures a part of the arm 1050. Consequently,
it 1s possible to mtegrate (unitize) the force detecting device
1 with the reduction gear 60 and the arm 1050. Therefore, it
1s possible to achieve simplification and a reduction 1n the
s1ze of the robot 1000.

Note that the number of arms included 1n the robot 1000
1s five 1n the figure. However, the number of arms 1s not
limited to this and may be one to four or may be six or more.

The embodiments of the mvention are explained above
with reference to the drawings. However, the mvention 1s
not limited to the embodiments. The components of the
sections can be replaced with any components having the
same functions. Any other components may be added to the
invention.

The imnvention may be a combination of any two or more
components (features) in the embodiments.

In the examples explained 1n the embodiments, the driv-
ing device includes the motor, the encoder, and the reduction
gear. However, the driving device 1s not limited to this as
long as the driving device 1s a device that performs at least
one of generation and transmission of a driving force. The
driving device may be, for example, a device including at
least one of the motor, the encoder, and the reduction gear.
In the first embodiment, only the reduction gear 60 can be
considered the driving device or a unit including the motor
30 and the reduction gear 60 can be considered the driving
device. In the third embodiment, only the encoder 40 can be
considered the driving device. A unit including the motor 30
and the encoder 40 can be considered the driving device.

The package included in the sensor device may be omit-
ted.

The fixing members that give pressurization to the piezo-
clectric elements 1s not limited to a form such as the
pressurizing bolts as long as the fixing members can fix the
first member and the second member to each other 1n a state
in which the piezoelectric elements are sandwiched and
pressurized by the first member and the second member. The
pressurizing bolts only have to be provided according to
necessity and may be omitted. The pressurizing bolts may
fix the first member and the second member to each other
without pressurizing the piezoelectric elements.
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The robot according to the embodiment 1s not limited to
the single-arm robot as long as the robot includes the arm.
The robot may be another robot such as a double-arm robot
or a SCARA robot.

The force detecting device and the driving unit according
to the embodiments may be incorporated in an apparatus
other than the robot and, for example, may be mounted on
a mobile body such as an automobile.

In the example explained in the embodiments, the quartz
1s used as the piezoelectric body included 1n the piezoelec-
tric element. However, the piezoelectric body 1s not limited
to the quartz as long as the piezoelectric body 1s a material
having a piezoelectric property. The piezoelectric body may
be, for example, lead titanate (PbTi0O,), lead zirconate
titanate (Pb(Zr,1T1)0;), lead zirconate (PbZr0O,), lead lantha-
num titanate ((Pb,La), 110,), lead lanthanum zirconate titan-
ate ((Pb,La)(Zr,11)0O,), lead zirconate titanate niobate (Pb
(Z1,11,Nb)O,), or lead zirconate titanate magnesium niobate
(Pb(Zr, T1)(Mg,Nb)O,).

The entire disclosure of Japanese Patent Application No.
2016-194054, filed Sep. 30, 2016 15 expressly imncorporated
by reference herein.

What 1s claimed 1s:

1. A force detecting device comprising:

a first member configuring a part of a reduction gear that
performs transmission of a driving force, the reduction
gear including housing and an output member that
defines the first member, the reduction gear turther
including a rigid gear fixed to the housing, a flexible
gear configured to mesh with the rigid gear, and a wave
generator that drives the flexible gear to mesh with the
rigid gear during rotation of the wave generator;

a second member; and

a piezoelectric element disposed between the first member
and the second member and configured to output a
signal according to an external force that includes
translation force components exerted along three axes
that are each orthogonal to one another and torque
components that are exerted around each of the three
axes.

2. The force detecting device according to claim 1,

wherein the piezoelectric element includes quartz.

3. A robot comprising:

the force detecting device according to claim 2; and

a driving device configured to generate a driving force.

4. The force detecting device according to claim 1,
wherein the force detecting device includes a plurality of the
piezoelectric elements stacked 1n a direction 1n which the
first member and the second member are arranged.

5. A robot comprising:

the force detecting device according to claim 4; and

a driving device configured to generate a driving force.

6. The force detecting device according to claim 1, further
comprising a motor mcluding a rotatable shaft having an
encoder, wherein the wave generator 1s attached to and
rotatable with the shatt.

7. A robot comprising:

the force detecting device according to claim 6; and

a driving device configured to generate a driving force.

8. The force detecting device according to claim 1, further
comprising a fixing member that fixes the first member and
the second member to each other i a state in which the
piezoelectric element 1s sandwiched and pressurized by the
first member and the second member.

9. A robot comprising:

the force detecting device according to claim 8; and

a driving device configured to generate a driving force.
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10. The force detecting device according to claim 1,
wherein the force detecting device includes a plurality of the
piezoelectric elements disposed between the first member
and the second member and configured to output a signal
according to an external force. 5

11. A robot comprising:

the force detecting device according to claim 10; and

a driving device configured to generate a driving force.

12. A driving unit comprising:

the force detecting device according to claim 1; and 10

a driving device configured to generate a driving force to

the reduction gear.

13. A robot comprising;:

the force detecting device according to claim 1; and

a driving device configured to generate a driving force. 15

14. The robot according to claim 13, further comprising:

a third member configured to support the driving device;

and

a fourth member capable of turning with respect to the

third member, wherein the second member configures 20
a part of the fourth member.
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